Six inocula 0, 5000, 10000, 15000, 20000 and 25000 second stage juveniles (J 2 ) and males/pot of T. semipenetrans were tested on 1.5-year-old nematode-free seedlings of Citrus volkameriana. The inoculated seedlings were grown in plastic pots containing about 5 Kg of sterilized sandy clay soil (2:1) under greenhouse conditions for a year. Nematode reproduction and host growth were both affected by the initial inoculum levels. The maximum reduction percentage of shoot length (38.3%), fresh (25.9%), and dry (44.7%) weight as well as root length (36%) and fresh weight (30.5%) were recorded at inoculum levels 20000, 20000, 15000, 25000 and 15000 J 2 and males/seedling; respectively. On the other hand, the maximum nematode final population of J 2 and males (95515), females (1442), and eggmasses (820) were obtained at initial inoculum levels of 20000, 20000, and 15000 J 2 and males/seedling; respectively. A negative relationship occurred between the nematode inoculum level and the rate of reproduction.
Introduction
The citrus nematode, Tylenchulus semipenetrans Cobb, is distributed throughout the citrus-growing regions of the world, and often causes significant reductions in tree growth and yield (Duncan, 2005) . In Egypt, different biotypes of the citrus nematode is wide spread in many orchards infecting several perennial crops but mainly in citrus groves (Afia, 1997; El-Nouby, 2002; Abd-Elgawad et al., 2010) . Symptom severity (chlorosis, twig dieback, stunting, reduced fruit quality and quantity, and poor vigor) varies with tree age, nematode population size, grove management practices, and edaphic conditions in the grove ( Kaplan and O'Bannon, 1981) . Historically, citrus species and cultivars are mainly grafted on sour orange [Citrus aurantium (L.)] rootstocks in the Nile Valley and Delta. The citrus nematode-inoculation levels and the growth response of different citrus rootstocks have been studied by Ahmed (1974) . He found that the potential growth of sour orange [Citrus aurantium (L.)] rootstock was progressively reduced, while the inoculum potential increased. El-Deeb (1995) used eight inocula of T. semipenetrans on sour orange rootstocks. These inocula were 0, 200, 500, 1000, 2000, 4000, 8000 and 16000 second stage juveniles (J 2 ), respectively. He found that the reproduction factor of T. semipenetrans increased with the progressive increase in their initial population (Pi) up to level of 1000 J 2 /250 gram soil in pots then decreased gradually, while Pi increased. Influence of Pi inocula on the growth response of both shoot and root system was observed. He found that the plant growth was highly affected by the high inocula of T. semipenetrans.
Recently, the growth and fruiting of citrus trees grown in newly reclaimed land in Egypt are adversely affected if trees are grafted on sour orange (Hafez, 2006) ; so many growers are shifting towards Volkameriana (C. volkameriana Ten et Pas) as a rootstock. Yet, wide desert land reclamation is increasing the planting of citrus trees in light soils to which organic matter is added and seedlings from the valley is transplanted; conditions under which T. semipenetrans is likely to be a hazard to citrus production. The implication is that future tree growth and yield could be threatened by the nematode which may infest the newly established citrus groves via organic fertilizers, irrigation water, planting of nematode-infected citrus seedlings/young trees, contaminated machinery, and other sources that may harbor the nematodes (Abd-Elgawad et al., 2011). The sampling data collected disclosed the problem of widespread movement of citrus nematode-infested material onto such virgin groves (Abd-Elgawad and McSorley, 2009) but variable edaphic or environmental factors affect the nematode carrying capacity of the soil and root leading to different nematode-infestation levels. This research was initiated to determine the effects of different T. semipenetrans-inoculum levels on nematode development, reproduction potential, as well as damage to infected-Volkamariana seedlings.
Materials and Methods
Six inocula of T. semipenetrans-jjuveniles (J 2 ) and males in aqueous suspension were obtained by incubation (Young, 1954) of Yousefi Baladi [Citrus sinensis (L.) Osbeck] roots from a mature citrus orchard (Abd-Elgawad et al., 2011). The inocula were tested on 1.5-year-old nematode-free seedlings of C. volkamariana grown in plastic pots containing about 5 Kg of sterilized sandy clay soil (2:1). A very careful standardization of different variables was taken into consideration: the seedlings should not differ in appearance, size and health to avoid problems from hidden factors that affect trees and nematodes independently. Because the citrus nematode is a mild pathogen that likely requires a huge range in population density to measure significant effects, different nematode inocula were tested. The seedlings were established for 6 months before initiating the inocula 0, 5000, 10000, 15000, 20000 and 25000 nematodes (J 2 + males)/seedling as initial nematode population (Pi) in May 2011. The nematode suspension of each inoculum level was pipetted into five cores around the root system of a seedling and then immediately covered with wetted sandy soil. Eight replicates (seedlings) were used for each inoculum level treatment as well as the check. Pots were arranged in a randomized block design and seedlings were maintained on a greenhouse bench at 17 to 37°C. All pots received similar treatments of nutrition during the experimental period (Ibrahim and Khaleef, 1997) and the citrus plants were watered as needed. One year after nematode inoculation, the citrus plants were uprooted. The numbers of J 2 and males in soil (250 g) and females in roots (1g) of T. semipenetrans were counted (Ahmed, 1974 and El-Deeb, 1995) . Effects of inoculum levels of T. semipenetrans on some vegetative growth parameters of Volkameriana seedlings were determined: weight (Fresh and dry) and length of shoots and roots after one year of treatment. Data were subjected to analysis of variance (ANOVA) and averages of shoot and root weights and lengths as well as numbers of each nematode developmental stage were compared using Duncan's New Multiple Range Test. Nematode counts were log-transformed before ANOVA since T. semipenetranshas showed contagious distribution (Abd-Elgawad, 1992). Table ( 1) showed development and reproduction of T. semipenetrans J 2 and males in soil as well as female and egg mass numbers in roots of Volkameriana rootstocks at five initial inoculum levels. The final population density of J 2 and males in soil increased with increasing Pi from 5000 to 20000 J 2 and males/ pot, but such a steady increase did not hold true for Pi 25000 nematodes/pot. Only the lowest final population (P f ) density, 72343, was significantly (P ≤ 0.05) different from the other P f (Table 1) . Similarly, the numbers of T. semipenetrans females increased with the increase in the inoculum level of citrus nematode from 5000 to 20000 J 2 and males/pot, and then decreased at the inoculum level 25000 J 2 and males/pot. Significant differences in female numbers were recorded between 5000, (10000 & 15000), and (20000& 25000) J 2 and males/pot. Yet, the numbers of egg masses in citrus roots increased with increase in Pi up to 15000 J 2 and males/pot, and then decreased. Significant differences were recorded in P f concerning egg mass numbers but such differences were not consistent with their corresponding inoculum levels. The total P f had more or less the same trend as mentioned above where the numbers increased up to inoculum level 20000 J 2 and males/pot and then decreased [ Fig. 1 (A) ]. The rate of build-up of citrus nematode was in the range 3.7 to 14.8 [ Table 1 and Fig. 1 (B) ]. The lowest rate of build-up was obtained with the inoculum level of 25000 J 2 and males/pot, while the highest rate was obtained with initial level of 5000 J 2 and males/pot. It is clear that the rate of build-up decreased with the increase in the nematode inoculum level.
Results

Results in
The tested vegetative growth parameters of C. volkameriana were differently affected according to the nematode inoculum level (Table 2) . Such levels gave shoot lengths in the range 73.9 to 101.3 cm compared to 119.8 in the control. The highest reduction (%) of citrus shoot length (about 38.3%) was obtained with the inoculum level of 20000 J 2 and males/pot. It is clear that the shoot length reduction (%) increased with increase in the inoculum levels until 20000 J 2 and males and then the reduction decreased. Significant differences were recorded in the shoot length between the control and nematode inoculum levels ( Table 2 and Fig. 2  (A) ]. The fresh weight of Volkameriana shoot was in the range 58.4 to 70.7 g with nematode inoculum levels from 5000 to 25000 J 2 and males/pot, compared to 78.8 g in the control. The highest reduction (%) of fresh weight was 25.9% obtained with 20000 J 2 and males/pot. The fresh weight of citrus shoot had the same trend of shoot length results (Table 2 ). Significant differences in the fresh weight of citrus shoot were recorded from the inoculum level 15000 onward [ Table 2 and Fig. 2 (B) ]. The dry weight of citrus shoot was in the range 17.5 to 21.2 cm, compared to 31.7 cm in the control. The inoculum level of 15000 J 2 and males/pot gave the highest reduction (%) in shoot dry weight (44.7%). Significant differences in such weights were recorded between the control treatment and each of nematode inoculum level. In this growth parameter, significant difference was also recorded between 5000 and 15000 J 2 and males/pot [ Table 2 and Fig. 2 (C) ]. 
Reduction % in root length
Reduction % in root fresh weight
The length and fresh weight of citrus roots were generally affected by the nematode inoculum levels, compared to the control treatment ( Table 2 ). The length of roots was in the range 49.1 to 60.0 cm, compared to 76.8 cm in the control. The highest reduction of root length (36%) was obtained with inoculum level of 25000 J 2 and males/pot. Significant differences were recorded between the control treatment and each inoculum level concerning the root length. Also, significant differences were recorded between inoculum levels of 5000 and 25000 J 2 and males/pot [ Table  2 and Fig. 3 (A) ]. The fresh weight of Volkameriana roots ranged from 70.0 to 59.8 g with different inoculum levels, compared to 109.5 g in the control ( Table 2 ). The highest root fresh weight reduction (30.5%) was obtained with inoculum level of 15000 J 2 and males/pot [ Fig. 3 (B) ]. 
Discussion
The reluctance of nurserymen in Egypt to move the nurseries to sites that can produce nematode-free planting material and the tendency of growers to mulch virgin soil with infested soil from the Nile Valley (Abd-Elgawad and McSorley,  2009) , have mainly created the citrus nematode problem in citrus groves of newly reclaimed land. Therefore, T. semipenetruns is the most frequent and abundant plant-parasitic nematode that occurs in Egyptian citrus orchards (Abd-Elgawad et  al., 2010) . Furthermore, Volkameriana roots inoculated with T. semipenetrans before inoculation with Fusarium solani resulted in increasing susceptibility of this rootstock to Fusarium root rot disease in Egypt (El-Mohamedy and Hasabo, 2005) . It is assumed that with the usual build up of T. semipenetrans populations over time, the nematode may cause different degrees of citrus damage depending on their densities proportional to our results (Table 2; Figs 2 and 3) where the nematode numbers were obviously greater outside the roots, in soil, than in/on the roots at all levels (Table 1) . Other different inoculum levels were used in previous T. semipenetrans studies.
In Egypt, Afia (1997) investigated behavior and reproductive potential of three, citrus, olive and persimmon, biotypes of T. semipenetrans as affected by host stress and inoculation levels. He used as high as 16000 juveniles/pot whereas El-Nouby ( for such greenhouse screening of citrus rootstocks, since enough adult females and eggs were produced per plant after six months to evaluate resistance. They reported that high inoculum levels tested produced the maximum numbers of females and eggs, but the amount of roots needed to provide such inoculum was far too high to be of practical use. Furthermore, they stressed that artificially high inoculum levels may affect plant response and may not be field relevant. Lucas et al., 1997) . Our results agreed with others (Afia, 1997; El-Nouby, 2002 ) since T. semipenetrans population succeeded in reproducing on its citrus host at any level of nematode initial inoculation (Table 1) . Moreover, the nematode final population proportionally increased as the inoculation level increased except at the highest inoculum level. It is possible that nematode competition, at such highest inoculum level, per space unit of the roots, was so high that it could adversely affect the infectivity (females per gram root) and reproductive potential (eggs + J2/g root) as well as final nematode population. On the other hand, nematode-rate of build up always decreased as the inoculation level increased which coincides with other reports (e.g., Afia, 1997; El-Nouby, 2002) . In other cases, a high nematode rate of build up was observed especially after applying nematicides against some plant-parasitic nematode species. Such an unexpected increase in nematode numbers may be due to faulty application of nematicides, insufficient chemical, and unfavorable weather conditions.
According to the obtained results of the different T. semipenetrans inoculum levels, T. semipenetrans population increase per nematode added was proportional to the amount of both citrus shoot fresh weight and length measured except the highest inoculum level (Table 2) . This proportionality held true for shoot dry weight except in the highest two inoculum levels. Root fresh weight followed the same trend of shoot dry weight in response to different inoculum levels. It is possible that roots produced at the highest inoculum levels were probably insufficient to support the highest nematode numbers. Yet, reduction in root length followed a unique trend. It increased from 5000 to 10000 J 2 and males/250 g soil then decreased from 15000 to 20000 J 2 and males /250 g but the most reduction was attained at the highest inoculum level (Table 2 ). In general, nematode reproduction and host damage were both affected by the initial inoculum levels which coincided with other reports concerning the role of different inoculum levels of plant-parasitic nematodes. .
